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Effect of IGF-1 on C2C12 myogenesis: Skeletal muscle is a highly dynamic tissue that can 13 
change its phenotype in terms of mass and composition based on environmental cues like 14 
nutrition, exercise or starvation.[1] Two molecules namely Insulin-like growth factor (IGF-1) 15 
and Growth and Differentiation Factor 8 (GDF8) (also known as myostatin) have been 16 
recognized to be key regulators in the control of skeletal muscle size.[2] IGF-1 has been 17 
recognized to be a positive regulator for muscle growth and it was shown that mice null for 18 
IGF-1 show large retardation in skeletal muscle mass,[3, 4] while those over-expressing IGF-1 19 
showed significant myofiber hypertrophy, increased protein synthesis and myoblast 20 
proliferation.[5, 6] On the other hand, myostatin has been established as a negative regulator for 21 
muscle growth and studies have shown that mice null for the myostatin showed tremendous 22 
increase in muscle mass with some muscles increasing by as much as 200-300%.[7, 8] 23 
Therefore, in this study the influence of IGF-1 on C2C12 myoblasts was investigated in tissue 24 
culture plates to see if IGF-1 can further enhance the growth of myotubes on graphene 25 
surfaces as well. Figure S1 summarizes the findings of this study. 50 ng ml-1 of IGF-1 was 26 
added to the differentiation media (DM) while the control corresponded to cells cultured with 27 
just the regular DM. As expected, the samples treated with IGF-1 showed higher percentage 28 
of myotubes by the end of five days as seen in figure S1A. Also, the IGF-1 treated samples 29 
show higher fusion index and cell density compared to the control. Samples treated with IGF-30 
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1 showed a fusion index of 42.9 ± 2.2% while on the control the fusion index was only 29.5 ± 1 
4.2% by the end of five days. IGF-1 acts as an autocrine/paracrine factor and up-regulates 2 
myoblast proliferation and myotube differentiation via a number of pathways.[2] As one of the 3 
pathways up-regulated by IGF-1 is mitogen-activated protein kinase (MAPK), which is 4 
responsible for cellular proliferation and division,[9] higher cell densities were expected for the 5 
IGF-1 treated samples. This was verified from figure S1C, where the samples treated with 6 
IGF-1 showed more than twice the cell density versus the control sample by the end of five 7 
days.  8 
Fabrication, patterning and characterization of graphene films: Graphene was grown by 9 
chemical vapor deposition (CVD) method on copper foil (99.8%, Alfa Aesar 0.001 inch) 10 
using methane as a precursor gas.[10] The growth parameters were CH4:H2:Ar = 100:50:1000 11 
sccm at 1000oC, growth time 40 minutes, growth pressure 100 mTorr. First, PMMA 495 A2 12 
with 495000 g mol-1 molecular weight, 2% dissolved in anisole, was spun on graphene/copper 13 
sample with 3000 rpm for 30 seconds and baked at 200oC for 2 minutes. Second, PMMA 950 14 
A4 with 950000 g mol-1 dissolved in 4% of anisole, spun with 3000 rpm for 30 seconds and 15 
baked at 200oC for 2 minutes. Copper foil was etched overnight in FeCl3 Printed Circuit 16 
Copper Etchants 100 (Transene, CO INC). Graphene was subsequently transferred to DI 17 
water, followed by an RCA-2 clean (20:1:1 H2O:H2O2:HCl) and a final DI water bath. As a 18 
last step of the transfer process the graphene/ poly(methyl methacrylate) (PMMA) film was 19 
deposited on SiO2 (285 nm)/Si - (100) substrate. The PMMA film was lifted off with 20 
dichloromethane:methanol (1:1) solution for 50 minutes and the graphene/SiO2 chip was 21 
annealed for 1 hour at 400oC in H2 (500 sccm) and Ar (500 sccm) atmosphere. Quality of 22 
graphene was studied by Raman spectroscopy. Raman measurements were performed using a 23 
Renishaw Raman/PL Micro-spectroscopy System with laser excitation wavelength 633 nm, a 24 
50x long-distance objective, power 10% and the acquisition time of 30 s. The data were 25 
acquired in the range from 1200 cm-1 to 3000 cm-1.  26 
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In order to pattern the graphene films, the graphene/SiO2 substrate was coated with 1 
PMGI SF6 photoresist, spun at 3500 rpm for 30 seconds and baked at 150oC for 5 minutes. 2 
After this S1813 photoresist was spun at 5000 rpm for 30 seconds. The chips were patterned 3 
using standard optical lithography using a Carl Zeiss aligner. Graphene was etched in O2 4 
plasma for 30 seconds at 100 W using a PlasmaLab Freon/O2 reactive ion etching system. 5 
Any residual photoresist was lifted off using PG remover at 80oC for 15 minutes. Graphene 6 
was patterned into 150 µm by 1500 µm rectangular islands. Figure S2 A shows the fabrication 7 
overview and figure S2 B shows optical microscopy image of the patterned graphene islands 8 
on the SiO2 chip.   9 
The graphene/SiO2 chips were first cleaned by incubating them in 70% ethanol for 2 10 
hours after which they were rinsed twice with DI water and twice with phosphate buffered 11 
saline (PBS). After this, chips were placed in one of the wells of a six well plate (ultra-low 12 
attachment) and approximately 800,000 C2C12 cells (passage number < 10) were then seeded 13 
in the well holding the chip.  14 
Figure S2 C and D summarize the quality of graphene films used for the growth of 15 
C2C12 cells. Raman spectrum is given in the figure S2C for graphene transferred on the 16 
silicon oxide (SiO2) surface. The characteristic graphene Raman peaks (D, G and 2D) are 17 
indicated in the figure. The graphene growth results in a monolayer coverage in most portions 18 
of the chip as it follows from the 2D peak shape (Lorentzian), 2D/G peak intensity ratio 19 
(~2.5), G peak shift.[11-13] The inset to figure S2C shows the scanning electron microscopy 20 
(SEM) image of the graphene. The atomic force microscopy image shows the surface 21 
morphology and is presented in figure S2D.  Root mean square roughness obtained from the 22 
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Supporting figures 1 
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Figure S1: Effect of IGF-1 on C2C12 myogenesis. (A) Fluorescent images of the C2C12 cells 3 
with and without IGF-1 (control). Column 1, 2, and 3 shows the cells on day 1, 3, and 5 on 4 
the control and the IGF-1 treated sample. Row 1 shows the cells on control and row 2 shows 5 
the cells on IGF-1 treated samples. Scale bar is100 µm. Quantification of (B) fusion index and 6 
(C) cell density on the control and IGF-1 treated samples. Significance: **p < 0.01 and *p < 7 
0.05. Data is represented as mean ± SE (n = 6).  8 
 9 
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Figure S2: Fabrication, patterning and characterization of graphene films (A) Schematic 2 
showing the transfer of graphene films and its patterning on SiO2/Si substrate. (B) Image of 3 
patterned graphene islands on SiO2 substrate. Scale bar is 150 µm. (C) Raman spectrum of 4 
graphene transferred on SiO2/Si (100) substrate. The principal Raman peaks (D, G and 2D) 5 
are indicated. The inset shows the SEM image of the graphene surface. Scale bar is 2 µm. (D) 6 
AFM data for the graphene transferred on SiO2/Si(100) substrate. Scale bar is 2 µm. 7 
 8 
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Figure S3: Patterning and alignment of C2C12 myotubes on graphene/SiO2 chips in DM with 2 
IGF-1. Fluorescent images of C2C12 myotubes on lithographically patterned graphene islands 3 
showing cell spreading everywhere but myotube formation only happens on graphene islands. 4 
Row 1 shows day 2 while row two shows day 4. Column 1 shows the cells stained for actin 5 
(blue) on graphene and SiO2 regions of the chip for day 2 and 4. Column 2 shows the merged 6 
image (dapi + MHC + actin) of cells on graphene and SiO2 regions of the chip for day 2 and 4. 7 
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Figure S4: Patterning and alignment of C2C12 myotubes on graphene/SiO2 chips in DM with 2 
IGF-1 on hybrid 30o. Fluorescent images of the C2C12 myotubes on lithographically 3 
patterned graphene islands. Row 1 shows the C2C12 myotubes on day 2. Row 2 shows the 4 
cells on day 4. Column 1 shows the cells stained for nucleus (blue) on graphene and SiO2 5 
regions of the chip for day 2 and 4. Column 2 shows the cells stained for anti-MHC (green) on 6 
graphene and SiO2 regions of the chip for day 2 and 4. Column 3 shows the merged images by 7 
combining columns one and two. The inset of the figure in column one shows the geometry of 8 






    Submitted to  
252525252525252525254252525 
 1 
Figure S5: FFT alignment plot of C2C12 myotubes on a petri dish in DM with IGF-1 on day 4. 2 
The inset shows the fluorescent image and the FFT image which was used for generation of 3 
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Figure S6: Schematic showing the circuit diagram of the electrical pulse stimulation setup. 2 
Movie S1: Stimulation of C2C12 myotubes on graphene on day 4 by electrical pulse 3 
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